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Heat transfer is the field in Thermodynamics in charge of the study of the  
generation, conversion, exchange and use of energy in form of heat (thermal 
energy) between different systems. Heat can be transferred using several mecha-
nisms such as conduction, convection, and radiation. The proper understanding 
of these modes of heat transfer leads to a successful design of any device in which 
thermal energy is involved. That is why it is so important to study and to analyze 
heat transfer in any application.
Thermal energy is present in any aspect of our lives. We can daily experiment 
heat transfer phenomena at home, when cooking or taking food out of the fridge 
[1], when using a vehicle to go to work [2] or turning the heating or air-conditioning 
system on in our office [3]. Sometimes this thermal management is not evident but it 
is essential for our comfort and lifestyle [4]. Besides, heat transfer is of vital impor-
tance in all the electric power plants. Whether some fuel is being burnt to get steam 
or if we want to maintain a PV panel temperature to a certain level, again a proper 
management of thermal energy is crucial to the operation of the system [5, 6].
And nowadays it is even more important to perfectly control thermal transfer 
when designing renewable energy systems where every unit of energy requires to 
be used; or when installing an efficiency measure in a process to prevent thermal 
losses [7, 8].
2. Heat transfer analysis
Thermal energy analysis is a complex task that usually requires the use of large 
theoretical equations and mathematical models that can predict the behavior of a 
certain system. It is not easy to simplify natural or forced convection, phase change 
phenomena, or radiation heat transfer, considering their interactions with other 
parts of the system under study. Therefore, most of the engineers and researchers 
in the thermal field turn to computational models and test benches that help them 
understand all these processes [9].
2.1 Computational simulations
A very common approach to heat transfer study is to develop a computational 
model making several assumptions prior to the simulations. These models use 
thermodynamic equations and energy balances to represent what we can expect to 
happen in real conditions. These computational tools are really useful since they 
allow us to perform tons of simulations and analyze many cases in a cost-effective 
manner. You can use them to optimize a certain design and be sure that it will work 
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properly once it has been built. Besides, by using these models a sensitive analysis 
can be performed to check which parameter is affecting more to the results of the 
system. There are many ways to develop these models, using different solving 
techniques. It is essential to understand the heat transfer phenomena you want to 
study and then check for the best method to model it.
2.2 Experimental analysis
Another approach to study heat transfer problems is to design and build an 
experimental test bench. Sometimes it is so difficult to theoretically model a 
thermal energy system that it is more convenient to analyze the problem experi-
mentally. Therefore, an experimental rig is employed to obtain useful results of the 
cases under study. Often, all these rigs allow the researcher to modify the boundary 
conditions affecting the system, so the problem can be tested under different cir-
cumstances. These test benches are also useful to validate the computational models 
and check if they can properly predict the behavior of the system.
3. Applications
As it has been mentioned in the introduction of this chapter heat transfer 
appears in many daily activities. Therefore, there is a wide range of fields in which 
thermal energy is studied.
It is mandatory to perform a thermal analysis when developing heat exchangers 
designed to transport heat from one point to another. For that, it is vital to identify 
which kind of heat sink best fits the application (can natural convection be used, or 
it should include some forced convection? For example). This analysis is also useful 
because the conditions under which heat is being transferred will determine the 
material of the systems that is being used, requirements about auxiliary consumption, 
limit of maximum temperatures of operation, and so on.
Heat transfer analysis is also crucial in electronic applications that are con-
tinuously growing with higher consumptions, and therefore, higher thermal 
management requirements. As Murshed explains, power electronics are facing a 
huge challenge in removing high heat fluxes maintaining a low temperature in the 
device [10].
Conventional heat transfer approaches are still being used, but there are some 
other new technologies that are being included in these applications such as: nano-
fluids, phase change devices, and so on.
4. Conclusions
The chapters included in this book are a good example of how scientists, 
researchers and engineers from the industry are solving heat transfer issues that 
appear in many fields. You will find computational models, the use of nanofluids in 
heat transfer devices, an optimization of a bunch of heat exchangers, and several 
samples of thermal management in different applications.
3




Public University of Navarre, Pamplona, Spain
*Address all correspondence to: miguel.araiz@unavarra.es
© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
4
Heat Transfer - Design, Experimentation and Applications
[1] Maldonado JM, de Gracia A, 
Zsembinszki G, Moreno P, Albets X, 
González MÁ, et al. Frost detection 
method on evaporator in vapour 
compression systems. Int J Refrig. 
2020;110:75-82.
[2] Wu J, Wei Z, Li W, Wang Y, Li Y, 
Sauer DU. Battery Thermal-and Health-
Constrained Energy Management for 
Hybrid Electric Bus Based on Soft 
Actor-Critic DRL Algorithm. IEEE 
Trans Ind Informatics. 2021;17(6): 
3751-61.
[3] Azuatalam D, Lee WL, de Nijs F, 
Liebman A. Reinforcement learning for 
whole-building HVAC control and 
demand response. Energy AI [Internet]. 
2020;2:100020. Available from: https://
doi.org/10.1016/j.egyai.2020.100020
[4] Mandal J, Yang Y, Yu N, Raman AP. 
Paints as a Scalable and Effective 
Radiative Cooling Technology for 
Buildings. Joule. 2020 Jul 15;4(7): 
1350-6.
[5] Wang J, Han Z, Guan Z. Hybrid 
solar-assisted combined cooling, 
heating, and power systems: A review. 




[6] Liu S, Yuan J, Deng W, Luo M, Xie Y, 
Liang Q , et al. High-efficiency organic 
solar cells with low non-radiative 
recombination loss and low energetic 
disorder. Nat Photonics [Internet]. 
2020;14(5):300-5. Available from: 
http://dx.doi.org/10.1038/s41566- 
019-0573-5
[7] Elsaid K, Kamil M, Sayed ET, 
Abdelkareem MA, Wilberforce T, 
Olabi A. Environmental impact of 
desalination technologies: A review. Sci 
Total Environ [Internet]. 
2020;748:141528. Available from: 
https://doi.org/10.1016/j.
scitotenv.2020.141528
[8] Koohi-Fayegh S, Rosen MA. A review 
of energy storage types, applications 
and recent developments. J Energy 
Storage [Internet]. 2020;27(October 
2019):101047. Available from: https://
doi.org/10.1016/j.est.2019.101047
[9] Giri A, Hopkins PE. A Review of 
Experimental and Computational 
Advances in Thermal Boundary 
Conductance and Nanoscale Thermal 
Transport across Solid Interfaces. Adv 
Funct Mater. 2020;30(8).
[10] Murshed SMS. Introductory 
Chapter: Electronics Cooling — An 
Overview. In: Electronics Cooling 
[Internet]. InTech; 2016 [cited 2021  
Jul 8]. Available from: http://dx.doi.
org/10.5772/63321
References
